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REMARKS 



Claims 9 and 10 are pending in the subject application. By this 
Amendment, Applicant has added claims 12-21. Support for new 
claims 12-21 may be found, inter alia, in the specification as 
follow: Claim 12 : Page 13, lines 17-24; and page 11, lines 20- 
26; Claim 13 : Page 13, lines 17-24; and page 12, lines 9-35; 
Claim 14 : Page 13, lines 17-24; and page 12, lines 1-7; Claim 
15: Page 13, lines 17-24; page 12, lines 1-7; and page 14, lines 
3-21; Claim 16 : Page 13, lines 17-24; page 12, lines 1-7; and 
page 11, lines 20-26; Claim 17 : Page 13, lines 17-24; and page 
12, lines 1-7; Claim 18 : Page 13, lines 17-24; and page 12, 
lines 1-7; Claim 19 : Page 13, lines 17-24; page 12, lines 1-7; 
and page 14, lines 3-21; Claim 20 : Page 13, lines 17-24; page 
12, lines 1-7; and page 11, lines 20-26; Claim 21 ; Page 13, 
lines 17-24; page 12, lines 1-7; and page 12, lines 9-35. 

Accordingly, claims 9-10 and 12-21 will be pending and under 
examination upon entry of this Amendment. 

Rejection Under 35 U«S>C« § 112, First Paragraph : 

The Examiner maintained the rejection of claims 9 and 10 as 
allegedly failing to comply with the enablement requirement. 
Specifically, the Examiner alleged that Applicant did not 
describe in the specification in such a way as to enable one 
skilled in the art to which it pertains, or with which it is 
most nearly connected, to make and/or use the invention. 

In response. Applicant respectfully traverses the Examiner's 
ground of rejection and maintains that claims 9 and 10 satisfy 
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the enablement requirement of 3 5 U.S.C. § 112, first 
paragraph . 

The test for enablement is whether one skilled in the art 
could, at the time of the invention, make and use the claimed 
invention based on the disclosure and information known in the 
art without undue experimentation. 

Applicant notes the Examiner's assertion that (i) there is a 
lack of predictability that VEGF would increase vascularization 
and therefore blood supply; and (ii) based on the prior art, a 
person having skill in the art would conclude that it was not 
reasonably predictable that any particular gene therapy would 
work to increase or maintain the blood supply in the subject's 
penis . 

Applicant disagrees with the Examiner's position. First, 
Applicant has explained that at the time the application was 
filed, it was known that penile vascular insufficiency is a 
mechanism of erectile dysfunction. Such teaching can be found 
in the specification at, inter alia, page 1, line 27 through 
page 2, line 2. Further, Applicant pointed out that there are 
VEGF-encoding genes that play a significant role in 
angiogenesis . Such teaching can be found in the specification 
at, inter alia, page 3, line 6 through page 4, line 1. In 
addition. Applicant explained that an increase of VEGF in 
tissue levels results in an increase in tissue vascularity. 
Such teaching can be found in the specification at, inter 
alia, page 2, lines 15-31. The specification also discloses 
in the specification at, inter alia, page 27, line 15 through 
page 28, line 22, Applicant's discovery that VEGF is expressed 
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in the mammalian penis. Finally, the Applicant discloses in 
the specification at, inter alia, page 12, line 37 through 
page 13, line 15, specific routes of VEGF administration. 
Accordingly, Applicant maintains that the subject 
specification teaches how to practice the claimed method 
without undue experimentation. 

The Examiner referred to the Burchardt reference of record for 
the following passage: "Although statistical trends were 
measured in the VEGF protein- treated group, no statistically 
significant difference in smooth muscle or endothelial cell 
content was found between control and VEGF- treated rats." 
Further, the Examiner noted that in Burchardt the amount of 
smooth muscle cell and endothelial cell area is not different 
between protein and DNA transfer protocols, and that Burchardt 
teaches that VEGF likely requires other factors to act in 
concert and over time to provide angiogenic benefits. 

Applicant respectfully submits that the Examiner's reliance on 
Burchardt does not support the enablement rejection. The lack 
of statistical significance in Burchardt between the smooth 
muscle and endothelial tissue in control and VEGF- treated rats 
does not contradict Applicant's teaching. VEGF administration 
has in fact been shown to increase or maintain blood supply 
and to ameliorate erectile dysfunction in mammals as 
demonstrated in Ming-Chan Lee, et al . , annexed hereto as 
Exhibit A. In short, Ming-Chan Lee, et al . , teach that ''a 
single bolus of VEGF injection [is] effective for improving 
blood flow into the target organ." 

Further, Burchardt reflects measurements in normal animals. 
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and the experiment is performed for the purpose of 
demonstrating the predictability of the gene therapy. The 
animals used in Burchardt do not exhibit a disease state such 
as vascular insufficiency. Therefore, normal animals would 
not be expected to react to a treatment in the same way as 
animals exhibiting a disease state, such as the animals with 
arteriogenic erectile dysfunction of Ming-Chan Lee, et al . 

Burchardt demonstrates that gene therapy can be achieved 
without undue experimentation, and that the amount of vascular 
endothelial growth factor in the penis can be increased by 
such gene therapy. Further, Ming-Chan Lee, et al. demonstrate 
that an increased amount of VEGF in the penis increases blood 
flow and treats erectile dysfunction. 

Finally, R.S- Rogers, et al , , annexed hereto as Exhibit B, 
evaluate VEGF gene therapy and protein therapy in preventing 
and reversing the development of erectile dysfunction in rat 
models of venogenic dysfunction. R.S. Rogers, et al . report 
treatment of rats with venogenic erectile dysfunction with 
intracavernosal VEGF or an adeno-associated virus vector 
mediated VEGF gene therapy (AAV-VEGF) . Animals treated with 
either VEGF or AAV-VEGF at the time of castration maintained 
erectile function. The animals treated with placebo did not 
maintain erectile function after castration. R.S. Rogers, et 
al . clearly confirm the use of VEGF gene therapy to treat 
vasogenic erectile dysfunction. 

Therefore, a significant body of evidence supports enablement 
of Applicant's claimed invention. 
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In view of this body of evidence supporting Applicant's 
invention, claims 9, 10, 11, and 12 are enabled; new claims 
14-17 directed to a method for increasing the amount of VEGF 
in the penis are enabled; and new claims 18-21 directed to a 
method for treating erectile dysfunction are enabled. 
Accordingly, Applicant maintains that the claimed invention is 
enabled and respectfully requests that the Examiner reconsider 
and withdraw this ground of rejection. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, Applicant's 
undersigned attorney invites the Examiner to telephone him at 
the number provided below. 



No fee, other than the enclosed $395.00 fee for filing an RCE, 
is deemed necessary. However, if any additional fee is 
required, authorization is hereby given to charge the amount of 
such fee to Deposit Account No. 03-3125. 

Respectfully submitted, 
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THE EFFECT OF VASCULAR ENDOTHELIAL GROWTH FACTOR ON A 
RAT MODEL OF TRAUMATIC ARTERIOGENIC ERECTILE 

DYSFUNCTION 
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California 



ABSTRACT 



Purpose: We tested the hypothesis that intracavernous injection of vascular endothelial growth 
factor <VEGF) can restore erectile function in a rat model of traumatic arteriogenic erectile 
dysfunction. 

Materials and Methods: Exploration of bilateral internal iliac arteries was performed in 50, 
3-month'Old male rats. A total of 44 rats underwent bilateral ligation of the internal iliac arteries 
and 6 that underwent exploration only served as the sham operated group. Minutes later 
intracavernous injection of phosphate buffered saline (PBS) plus bovine serum albumin in 16 
rats, 2 pig. VEGF plus PBS plus BSA in 12 and 4 ^g- VEGF plus PBS plus BSA in 16 was 
performed. At weeks 1, 2 and 6 about a third of the rats in each group underwent electrostimu- 
lation of the cavernous nerves to assess erectile function and were then sacrificed. Penile tissues 
were collected for histochemical and electron microscopy examinations. 

Results: No impairment of erectile function was noted in sham operated rats. Immediately 
after arterial ligation all rats showed little or no erectile response to neurostimulation. In PBS 
treated rats modest recovery of erectile function was noted at week 6. Significant recovery of 
erectile function was noted in VEGF treated rats at weeks 1 and 2 in the 4 /xg. group only and at 
week 6 in the 2 and 4 fig, groups. Neuronal nitric oxide synthase staining showed a reduction in 
neuronal nitric oxide synthase positive nerve fibers in the dorsal or intracavernous nerves at 
week 1. Moderate recovery of neuronal nitric oxide synthase positive nerve fibers was noted in 
the 2 and 4 ^g. VEGF treated groups but not in the PBS treated group. Electron microscopy 
revealed no pathological change in sham operated rats. In dorsal nerves the atrophy of myelin- 
ated and nonmyelinated nerve fibers was noted in ligated plus PBS treated rats. Partial recovery 
was observed in VEGF treated rats. Scattered atrophic smooth muscle cells were seen in PBS and 
occasionally in VEGF treated rats but not in the sham operated group. The most dramatic 
findings in VEGF treated rats were hypertrophy and hyperplasia of the endothelial cells, 
especially those lining the small capillaries. 

Conclusions: Ligation of bilateral internal iliac arteries produced a reliable animal model of 
traumatic arteriogenic erectile dysfunction. Intracavernous injection of VEGF minutes after 
arterial ligation facilitated the recovery of erectile function. 

Key Words: penis; impotence; muscle, smooth; rats, Sprague-Dawley; endothelial growth factors 



Penile arterial insufficiency is one of the most common 
causes of erectile dysfunction. Atherosclerotic or traumatic 
arterial occlusive disease of the pudendal-cavemous-helicine 
arterial tree can decrease perfusion pressure and arterial 
flow to the sinusoidal spaces, thus, decreasing the rigidity of 
the erect penis. Common risk factors associated with general 
arterial insufficiency include hypertension, h3rperlipidemia, 
cigarette smoking, diabetes mellitus and pelvic irradia- 
tion.^-'' Epidemiological studies have shown a high incidence 
of erectile dysfunction in patients with coronary arterial dis- 
ease.** Focal lesion of the common penile or cavernous artery 
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is most common in young patients who have sustained blunt 
pelvic or perineal trauma, as in bicycle accidents.*' 

Angiogenesis is a complex process that includes activation, 
migration and proliferation of endothelial ceils, and forma- 
tion of new blood vessels.''* Vascular endothelial growth factor 
(VEGF) has been shown to be intimately involved in the 
whole sequence of events leading to the growth of new blood 
vcssel8.6*7 Seven human VEGF isoforms of 111, 121, 145, 
165, 183, 189 and 206 amino acids have been isolated.**- Of 
the isoforms VEGF 165 seems to be most efifective and most 
commonly used. The effect of VEGF165 for augmenting per- 
fusion and stimulating the formation of collateral vessels has 
been shown in animal models J'* In clinical trials success- 
ful induction of collateral blood vessels in ischemic heart 
disease and critical limb ischemia by VEGF has also been 
reported.^''- 

In a preliminary study we successfully developed a rat 
model of traumatic arteriogenic erectile dysfunction by ligat- 
ing each internal iliac artery. In these rats arteriogenic erec- 
tile dysfunction developed immediately without gross isch- 
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umic changes in the external genitalia or pelvic organs. When 
followed for 6 weeks, slight improvement in erectile function 
occurred but no rats regained complete erection, as assessed 
by electrostimulation of the cavernous nerves.'^'^ We tested 
the hypothesis that by reacting with VEGF receptors on the 
endothelial and smooth muscle cells direct injection of VEGF 
into the corpus cavemosum can stimulate angiogenesis and 
enhance the recovery of erectile function after bilateral liga- 
tion of the internal iliac sirteries. 



MATERIALS AND METHODS 

Animal model. The experimental protocols and animal care 
were approved by our institutional Committee on Animal 
Research. A total of 50, 3-month-old male Sprague-Dawley 
rats weighing 350 to 400 gm. were anesthetized intraperito- 
neally with 35 mgVkg. pentobarbital after being sedated by 
methoxyflurane inhalation. Midline laparotomy was per- 
formed to identify the iliac vessels. Under operating micros- 
copy the iliac veins were carefully dissected to expose the 2 to 
4 internal iliac arteries. The 44 rats in the experimental 
group underwent bilateral ligation of the internal iliac arter- 
ies at their origin, while those in the sham operated group 
underwent exploration only. A separate incision was made in 
the perineum to identify 1 crus. A 23 gauge scalp vein needle 
was inserted into the crus and connected to a pressure mon- 
itor for intracavemous pressure monitoring during electro- 
stimulation of the cavernous nerve. Additional ligation of 
arterial branches was performed until there was minimal or 
no intracavemous pressure rise during electrostimulation. 
Intracavemous injection of 4 /jig. VEGF in phosphate buff- 
ered saline (PBS) with 0.1% bovine semm albumin, 2 /ig. 
VEGF in PBS with 0.1% bovine semm albumin or PBS solu- 
tion with 0. 1% bovine semm albumin was then administered 
through the same needle to 3 groups of 16, 12 and 16 rats, 
respectively. The wound was closed in layers and the animals 
were closely monitored for up to 6 weeks. At weeks 1, 2 and 
6 about a third of the rats in each group underwent electro- 
stimulation of the cavernous nerve to assess erectile function 
and were then sacrificed. Penile tissues of 3 rats randomly 
chosen from each of the 3 subgroups at 2 and 6 weeks were 
obtained for immunohistochemical staining and electron mi- 
croscopy. 

Electrical stimulation. Bipolar platinum wire electrodes 
were used to stimulate the cavernous nerve. The exposed end 
of the electrodes was hooked around the nerve to be stimu- 
lated with the positive electrode positioned proximal and the 
negative electrode 2 to 3 nun distal. Stimulus parameters 
were 1.5 V., frequency 20 pulses per second, pulse width 0.2 
milliseconds and duration 50 seconds. Intracavemous pres- 
sure was monitored and recorded by inserting a number 23 
scalp vein needle into a crus and connected to a pressure 
monitor. 

Immunohistochemical staining. Penile tissue was fixed for 
3 hours in a cold, freshly prepared solution of 2% formalde- 
hyde, 0.002% picric acid in 0.1 M. phosphate buffer, pH 8.0. 
Tissues were cryoprotected for 24 hours in cold 30% sucrose 
in 0.1 M. phosphate buffer, pH 8.0. They were then embedded 
in Tissue-Tek OCT. compound (Sakura Finetek, Inc., Tor- 
rance, California), frozen in liquid nitrogen and stored at 
— 70C. After freezing cryostat tissue sections were cut at 10 
/xm., adhered to charged slides, air-dried and hydrated for 5 
minutes with 0.05 M. PBS, pH 7.4. Sections were treated 
with hydrogen peroxide/methanol to quench endogenous per- 
oxidase activity. After rinsing with water sections were 
washed twice in PBS for 5 minutes, followed by 30 minutes of 
room temperature incubation with 3% horse semm/PBS/ 
0.3% Triton X-100. After draining solution from sections tis- 
sues were incubated for 60 minutes at room temperature 
with mouse monoclonal anti-neuronal nitric oxide synthase 
(Transduction Laboratories, Lexington, Kentucky), diluted 



1:500. After washing for 5 minutes with PBS/Triton X-100 
and then for 5 minutes twice with PBS alone sections were 
immunostained with the avidin-biotin-peroxidase method us- 
ing an Elite ABC kit (Vector Laboratories, Burlingame, Cal- 
ifornia) with diaminobenzidine as the chromagen, followed 
by counterstaining with hematoxylin. 

Electron microscopy. The penis was dissected, thinly sliced 
to approximately 1 mm., placed in Kamovsky fixative (1% 
paraformaldehyde/3% glutaraldehyde/0.1 M. sodium cacody- 
late buffer, pH 7.4) at room temperature for 30 minutes and 
then stored at 4C. The fixed tissue was then rinsed in buffer, 
post-fixed in 2% aqueous Os04 and stained en bloc with 
uranyl acetate before being dehydrated in ethanol, cleared in 
propyUne oxide and embedded in eponate 12 (Ted Pella Co., 
Redding, California). Thick sections were cut and stained 
with toludine blue and examined under light microscopy to 
select the area to be thin sectioned. Thin sections were cut by 
an Ultracut E microtome (Leica, Bannockbum, Illinois), 
stained with uranyl acetate and Reynold's Lead to enhance 
contrast and examined by Tecnai 10 electron microscope 
(Philips, Eidhoven, The Netherlands). Data were evaluated 
by the Mann- Whitney rank sum test with significance con- 
sidered at p <0.05. 

RESULTS 

Erectile /unction. The table shows the peak sustained in- 
tracavemous prossure during electrostimulation of the cav- 
ernous nerve. There was no difference in intracavemous 
pressure in sham operated and normal rats used for other 
experiments. In all experimental rats after bilateral ligation 
of the internal iliac arteries intracavemous pressure imme- 
diately dropped to around 20 cm. water and produced no or a 
minimal pressure increase in response to neurostimulation. 
In the PBS treated group poor erectile response persisted at 
weeks 1 and 2, and slight recovery of erectile fVunction was 
noted at week 6. 

In VEGF treated rats at weeks 1 and 2 moderate recovery 
of erectile function was noted in the 4 but not in the 2 $Lg. 
group. At week 6 statistically significant improvement in 
intracavemous pressure was seen in the 2 and 4 ;ig. groups 
comparod with the PBS treated group. Intracavemous pres- 
sure in the 4 fig. group was also significantly higher than in 
the 2 ^Lg. group. To identify the new source of blood flow in 
the 4 /Ag. VEGF treated group we noted a decrease in erec- 
tile response after clamping 1 external iliac artery and no 
erectile response after clamping the 2 external iliac arteries, 
which strongly suggests that the collateral vessels were de- 
rived from the external iliac arteries. 

Histochemical testing. There was a trend toward decreased 
neuronal nitric oxide synthase immunoreactivity in the dor- 
sal and intracavemous nerves 2 weeks after arterial ligation 
in all experimental subgroups (fig. 1). At week 6 moderate 
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FtG. 1. Neuronal nitric oxide synthase staining of penile tissue in 
sham operated rat (A and B) and in rats 2 weeks aiter bilateral iliac 
artery ligation (C, D, E and F). Abundant neuronal nitric oxide 
S3aithase positive nerve fibers (arrows) were noted in dorsal (A) and 
intracavemous iB) nerves in sham operated rat. There was redu<;tion 
in neuronal nitric oxide synthase positive nerves in VEGF treated 
dorsal (C) and intracavemous (£» nerves, and in PBS treated dorsal 
iE) and intracavemous (F) nerves. Reduced from X400. 



recovery of neuronal nitric oxide synthase positive nerve 
fibers was noted in the dorsal and intracavemous nerves in 
the 2 and 4 /xg. VEGF treated groups but not in the PBS 
treated group (fig. 2). However, the differences were not 
statistically significant on computer assisted image analysis. 

Electron microscopy. Dorsal Nerve: No difference was 
noted in specimens obtained from sham operated rats and 
normal rats used for other experiments. The dorsal nerve in 
these rats was filled with myelinated and nonmyelinated 
nerve bundles. The mean diameter of the individual myelin- 
ated nerve axons plus or minus standard deviation was 
4.42 ± 1.36 pim., excluding the myelin sheath. The mean 
thickness of the myelin sheath was 0.58 ± 0.21 ^tm. The 
mean diameter of the nonmyelinated nerve fibers was 0.96 -t 
0.37 /i,m. The nuclei of Schwann cells were seen occasionally 
near nerve fibers (fig. 3, A ). 

In ligated plus PBS treated rats dramatic changes were 
noted at week 2 (fig. 3, B). There was an increase in the 
number of Schwann cells, of which many contained vacuous 
within the C3rtoplasm. There was also a decrease in the num- 
ber of nonmyelinated and myelinated nerve fibers. Overall 
the axons were smaller than in controls and many nonmyeli- 
nated nerve fibers were smaller and less discrete. At week 6 
various degrees of regeneration of myelinated and nonmyeli- 
nated nerve fibers were apparent (fig. 3, C). However, the 
myelinated and nonmyelinated nerve fibers, were still 
smaller than in the control groups (mean myelinated axon 
and sheath 3.17 ± 1.01 and 0.46 ±0.11 /jim., and mean 
nonmyelinated axon 0.81 ± 0.38 tim,^ p = 0.062, 0.189 and 
0.069, respectively, versus the sham operated group). Many 




Fig. 2. Neuronal nitric oxide ssmthase staining of penile tissue 6 
weeks after arterial ligation. Moderate recovery of neuronal nitric 
oxide synthase positive nerve fibers (arrows) in dorsal CA) and intra- 
cavemous (B) nerves was noted in 4 ftg. VEGF treated group but not 
in PBS treated group dorsal (C) or intracavemous iD) nerve. Re- 
duced from X400. 



nonmyelinated fibers were less than a third of the size of the 
larger ones. There was also an increase in the number of 
nucleated Schwann cells. 

At week 6 in ligated rats treated with 4 /tg. VEGF the 
mean diameter of the myelinated axons was larger than in 
the ligated plus PBS treated rats (6.19 ± 2.38 and 3.17 ± 
1.01 /im., respectively, p = 0.008, fig. 3, D). The mean diam- 
eter of the nonmyelinated axons was 0.82 ± 0.45 $im,, which 
was similar to that in the ligated plus PBS treated rats 
(0.81 ± 0.38 |im.). However, the nonmyelinated nerve fibers 
appeared more even in size. 

Intracavemous Smooth Muscle: No difference was noted in 
specimens obtained from sham operated rats and normal rats 
used for other experiments. The smooth muscle cells, of 
which most were arranged in clusters, were embedded in fine 
strands of fibroconnective tissue (fig. 4, A). The cytoplasm of 
these myoc3^8 contained abundant contractile myofilaments 
and dense bodies. Occasionally small aggregates of or- 
ganelles, including mitochondria, rough endoplasmic reticu- 
lum and Golgi apparatus, were found adjacent to the nucleus. 
The cell membrane (sarcolemma) consisted of many alternat- 
ing dense and Hght bands with the latter containing numer- 
ous pinocytotic vesicles (caveolae). The intercellular spaces 
were narrow and many cell-to-cell contacts (gap junctions) 
were visible. Nerve terminal varicosities were occasionally 
observed near clusters of smooth muscle cells. 

At week 2 in ligated plus PBS treated rats the smooth 
muscle cells appeared to be atrophic and were separated by 
large amounts of connective tissue. At week 6 the number of 
normal-appearing smooth muscle cells increased, although 
many still showed a significant loss of myofilaments (fig. 4, 
B). In ligated plus 4 /xg. VEGF treated rats in the 2 and 
6-week groups most smooth muscle cells appeared normal 
with large amount of myofilaments and narrow intercellular 
spaces (fig. 4, C). 

Endothelium: In sham operated rats the cavernous sinu- 
soids were lined with intact endothelium, of which the cyto- 
plasm contained numerous pinocytotic vesicles (cavc^olae), 
mitochondria, rough endoplasmic reticulum and Golgi appa- 
ratus (fig. 5, A). The nuclei of the endothelial cells were 
sparse and appeared flattened. In ligated plus PBS treated 
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Fig. 3. Representative electron mioiographfi of cross sections of penile dorsal nerves. In sham operated rats at week 6 dorsal nerve was filled 
with myelinated (thick arrow) and nonmyeluiated (thin arrow) nenre fibers (A). Scale bar indicates 5 ^un. In ligation plus PBS treated rats at week 
2 there appeared to be increased number of nucleated Schwann cells (arrows), of which many contained vacuous and partially degenerated axons 
within cytoplasm (B). In ligation plus PBS treated rats at week 6 continuing degeneration of myelinated and nonmyelinatcKJ nerve fibers was 
apparent and they were significantly smaller than in sham operated group (C). In l^ated plus VEGF treated rats at week 6 large myelinated nerve 
fibers with thick myelin sheaths were dominant feature iD). 



rats in the 2 and 6-week groups the capillary and cavern- 
ous sinusoidal endothelium appeared normal, although the 
number of endothelial cells was increased in some fields 
( fig. 5, B). In ligated plus 4 /i.g. VEGF treated rats in the 2 
and 6-week groups striking differences were noted com- 



pared with other groups. Many reactive endothelial cells 
with plump nuclei were visible lining the sinusoids and 
capillaries. These endothelial cells were larger and more 
numerous, indicative of endothelial cell hypertrophy and 
hyperplasia (fig. 5, C). 
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Fig. 4. Representative electron micrographs of cross sections of intracavernous erectile tissues at week 6. In sham operated rats smooth 
muscle cells vrerg embedded m fine strands of fibroconnective tissue and intercellular spaces were narrow (A). Scale bar indicates 5 um In 
liption plus ™s treated rats many atrophic smooth muscle cells separated by lar^ge amounts of collagen fibers were noted (B). In hjution 
plus 4 /i,g. VEGF treated rats most smooth muscle ceUs appeared normal with large amount of myofilaments and narrow interoellular spaces 




Fig. 5. Representative electron micrographs of cross sections of intracavernous penile tissues at week 6. In sham operated rats caoillaries 
were lined by intact endothehum and occasionally seen nuclei of endothetial cells appeared oval-shaped or elongated (arrow) (A) finale bar 
indicates 5 /i.m. In ligation plus PBS treated rats capillary endothelium appeared normal, although increased number of endothelial cells was 
seen in some fields (arrows) (B). In ligation plus VEGF treated rats nuclei of endothelial ceils Uning many capillaries were large and more 
numerous, indicating endothelial hypertrophy and hyperplasia (arrows) (C). * 



DISCUSSION 

Although vasculogenic erectile dysfiinction in an atheroscle- 
rotic rabbit model has been extensively studied,"^-^ we elected 
to investigate the feasibility of a smaller animal model of trau- 
matic arteriogenic erectile dysfimction. This rat model offers 
several advantages. Hie cavernous nerve can easily be identi- 
fied and stimulated to assess the erectile response. Rats are less 
likely to have wound infection and anesthesia related compli- 
cations than rabbits. The disadvantage of this model is the 
small size of the internal iliac artery. Complete ligation of the 
bilateral internal iliac arteries was facilitated by operating mi- 
croscopy and intracavernous pressure monitoring. Immediately 
afler ligation none of the rats achieved erection in response to 
electrostimulation, thus, confirming that all branches to the 
penis had been ligated. 

We chose direct intracavernous injection of VEGF for cer- 



tain reasons. Local intramuscular injection of VEGF has 
been reported to induce angiogenesis in the treated 
limb.i».^^i VEGF165 binds to VEGFR-1 and VEGFR-2 re- 
ceptors, which are expressed almost exclusively in endothe- 
lial cells.d Endothelial cells also express neuropilin-1 and 
neuropilin-2 receptors, which also bind to VEGF165.® Since 
billions of endothelial cells exist in the corpus cavemosum, 
we believe that intracavernous delivery of VEGF can produce 
the best results. Penile smooth muscle cells in tissue culture 
also.express VEGF receptors and respond positively to VEGF 
treatment.^ The side effects of systemic VEGF administra- 
tion, such as hypotension 1^ and promiscuous induction of 
angiogenesis in nontarget tissues, are minimized.^-" The 
results of this study suggest that intracavernous delivery of 
VEGF may be an efficient method for enhancing the recovery 
of erectile function after hgation of the internal iliac arteries. 
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We elected to give a single bolus injection of VEGF because 
of the difficulty in repeating intracavernous injections into 
the rat corpus cavemosum, which has a diameter of only 
about 1 to 2 mm. Nevertheless, a single bolus and 2 boluses 
of VEGF injection have been shown to be equally effective for 
augmenting revascularization and improving muscle blood 
flow and muscle function."- 18.20,21.32 ^ single bolus of VEGF 
injection is also capable of significantly augmenting blood 
flow to ischemic myocardium, accelerating re- 
cndothelialization in balloon injured rat carotid artery, and 
improving coronary blood flow and preserving regional he- 
mod3mamics in chronic ischemic myocardium.*^ Our results 
confirmed that a single bolus of VEGF injection was effective 
for improving blood flow into the target organ. 

Systemic administration of large doses of VEGF can be 
quite expensive and may lead to adverse systemic side effects 
due to unwanted angiogenesis, such as tumor metastasis and 
pathological retinopathy.^! Therefore, most researchers pre- 
fer local injection of VEGF into the target organ directly or 
via its arterial supply. The reported doses of VEGF admin- 
istered intraarterially to promote neovascularization has 
been 160 to 3,000 fig/kg.^"^- ^^^^ However, in 1 report a small 
dose of 2 fig. improved coronary flow and preserved regional 
hemod3naaniics.^^ Because the corpus cavemosum is replete 
with billions of endothelial cells, we elected to use small 
doses of 2 and 4 fig. VEGF in the hope that VEGF receptors 
in the endothelial cells would efficiently react with the in- 
jected VEGF. 

Even at week 1 the group of rats that received 4 /xg. VEGF 
had significantly higher intracavernous pressure in response 
to neurostimulation. This finding suggests that VEGF may 
protect penile tissues from ischemic insult caused by ligation 
of the 2 internal iliac arteries. However, to our knowledge the 
exact mechanism of this protective effect is unknown. Nev- 
ertheless, VEGF is also called vascular permeability factor 
and microvascular hyperpermeability of plasma proteins has 
been shown to have an important consequence; namely the 
laying down of a fibrin-rich extracellular matrix. In turn, this 
provisional matrix favors and supports the ingrowth of fibro- 
blasts and endothelial cells, which are important for angio- 
genesis.^ Approximately 50% to 70% of VEGF165 binds to 
heparan sulfate containing proteoglycans in the extracellular 
matrix and this stored VEGF may be released by suramin, 
heparin, heparan sulfate, heparinase or plasmin.-*^ The bind- 
ing and release of VEGF to and from the extracellular matrix 
may explain its prolonged angiogenetic effect after 1 bolus 
injection. 

In a rabbit model of hindlimb ischemia the functional im- 
provement index and blood pressure ratio were significantly 
higher in the VEGF treated than in the control group at days 
7, 10 and 15 after the delivery of VEGF. At day 30 the blood 
pressure ratio further improved in the VEGF treated 
group.^i Angiography also revealed that collateral arteries 
had developed significantly by day 30.^ ^ Furthermore, endo- 
thelial repair has been shown to be 80% complete 14 days 
after VEGF treatment. These reports confirm our study, in 
that the response to neurostimulation improved continuously 
up to 6 weeks when the last groups of VEGF treated rats 
were sacrificed. 

Chir histological findings suggest that functional impair- 
ment after bilateral ligation of the internal iliac arteries was 
a result of the degeneration of neuronal nitric oxide synthase 
containing nerves. However, our electron microscopy exami- 
nations revealed that the ischemic insults also caused signif- 
icant changes in myelinated and nonmyelinated nerves as 
well as in smooth muscle cells, of which all are important 
regulators of penile erection. After VEGF treatment the re- 
generation of nerves and smooth muscles were evident. Al- 
though we were unable to show the regrowth of new blood 
vessels, hyperplasia and hypertrophy of endothelial cells lin- 
ing the capillary and sinusoidal endothelium after VEGF 



treatment provided indirect evidence of angiogenesis, which 
may be the source of tissue regeneration. 

To our knowledge the exact mechanism by which VEGF 
improves erectile function is unknown. Nevertheless, we ob- 
served clear evidence of restoration of neural and smooth 
muscle integrity as well as hyperplasia and hypertrophy of 
endothelial cells after VEGF treatment. Conceivably in- 
creased cavernous neovascularity may lead to functional or 
structural changes in the nerves and smooth muscles. Alter- 
natively the direct effect of VEGF on the nerves and smooth 
muscle may also have a role since VEGF has been reported to 
have a direct trophic effect on the penile smooth muscle cells 
and spinal neurons in culture/-^-'^-^'' 

This pilot study was designed to examine the effect of 
VEGF administered minutes after arterial ligation. Addi- 
tional studies are currently under way to examine whether 
VEGF can also be effective when given weeks after arterial 
ligation. We plan also to examine the effect of VEGF in 
chronic erectile dysfunction animal models, such as diabetic 
and hypercholesterolemic rats. In addition, the optimal dose, 
dosing interval and side e fleets must be determined in future 
studies. Briefly, our data show that ligation of the internal 
iliac arteries produces a reliable animal model of traumatic 
arteriogenic erectile dysfunction. A bolus injection of 4 
VEGF into the corpus cavemosum after ligation of the inter- 
nal iliac arteries seems to protect the penile tissue from 
ischemic insults and promote the recovery of erectile func- 
tion. 

CONCLUSIONS 

Vasculogenic erectile dysfunction is one of the most com- 
mon types of erectile dysfunction in clinical practice. In a rat 
model of traumatic erectile dysfunction created by bilateral 
ligation of the internal iliac arteries administration of a bolus 
of VEGF by intracavernous injection restored erectile fimc- 
tion in a dose dependent fashion. In ligation plus PBS treated 
rats alterations in the myelinated and nonmyelinated nerves 
as well as in smooth muscle cells was evident compared with 
sham operated rats. VEGF treatment produced h3rperplasia 
and hypertrophy of the endothelial cells, and restored the 
integrity of the nerves and smooth muscles. Further studies 
of the mechanism of VEGF function, optimal dose and fre- 
quency of treatment are warranted. 

Ivy Hsieh, Electron Microscopy Laboratory and Eh-. Bencxiict 
Yen, I>epartment of Pathology, Veterans Administration Hos- 
pital, San Francisco assisted with electron microscopy studies 
and interpretation. 
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Intracavemosal vascular endothelial growth factor (VEGF) 
injection and adeno-associated virus-mediated VEGF gene therapy 
prevent and reverse venogenic erectile dysfunction in rats 
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dvsfimcttcHi CED). We investigated wtethw vascular endothelial gswwth fector tVEGF) can be used 
toptevent and tevewe v^genlc ED in a rat modoL PhaimaEotoglcal cavemosometnj was 
dCTeloJS and validated nsingWt mala rata with arteriogenic or v«.o^mc ED Casta^t«^ 
animabwwa traatad ivith imracawsraoni. VEGF aa either a ^'^^^ V^^Abvx (C^ytG^ or 
admut-assodiated vims (AAV)-medlated VBGF gene therapy (C+VEGF gene) in an attempt to 
prevent the development of venogenic ED. Other animal ff;oups received testosterone i^Pj^^^f"^ 
fc+te8toste«me) Sr intracavemom AAV-LacZ gene (C+LacZ). Anunak xvith documented 
TOHMOT^ were treated with intracavemous VEGF in an attempt to rejjBrse Uieir Ett Fmictmng 
ImK^l^armacological infusion cavemosometrj) wa-s performed following treatmenL Pemle 
^Sn^^hj^ed for immmmhistochenuMty and electron !*f 
Castrated rals showed a decease in papaverine-indnced ^'^^^'^j;^'^^^^'^ 
in mainitenancB and drop rates during pharmacological ««rBni««OB^. Thew changes were 
p^eXd by systemic testosterone and intracavemous VEGF or AAVA'EGF therapy. Mor .nver 
^SSnoufvEGF was able t. reverse the venogenic ED produced by castrafon. °» 
penite smooth musqie detected by alpha actin staining decreased after caslralion but not m a« 
C+T C+VEGF. or C+VEGF gena groups. Transmission electron nucxoscopy rovealod atrophy of 
pei^ amooth musde cells and nei^s In the castrated rats. In VEGF-treated rats, r«geuer^ion of 
Lmoth mnsde and nerves as well as endothelial cett hypertrophy and hyperpUsm weie the 
prominent features. In our animal model, systemic testosteroms replacement jMintenea^^^ 
VEGF (nrotein and VEGF gene) prevented the veno-ocdusiva dysfimctumin caatr^ mumals. to 
rats wi&i established venous leakage, VEGF tteahnent reversed the cnvernoeometnc ^^n^ of 
l^age. Intracavemous injection of either VEGF protein or VEGF gene maybe a preferred thnrapy 
to piServe erectUe function in patiants in whom tastosteran* «V»^ 
International Journal of Impotence Research (2003) 15, 26-37. doi:l0.1038/8i.i}ir.390094a 

Keywords: erecUle dyafunction; cavernosometry; vascular endothelial growth factor, gene therapy; 
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Introduction 

Following sextial arousal and relea.se of nitric oxide 
to the erectile tissue, three events must take place to 
ensure an erection: trabecular smooth muscle re- 
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laxation, arterial dilation and venoua compression. 
During erection, blood fdling of sinusoidal spaceo 
compresses subtunical venules, thoreby reducing 
venous outflow. With normal ernctile function, a 
high intracavemous pressure (Id') is maijitained 
with a low inflow rate.' Patienls with vono- 
occlusive dysfunction (venou.s leakage) exhibit u 
poor rcisponse to inti-ac.ivemou.s injection witi) 
vasoactive agents (papavaiino, prostaglandin El, 
phentolamine, or combination.s, fc^r example), de 
spite good arterial flow demonstrated by duplex 
ultrasound. 

Following radical prostatectomy, approximates. v 
30% of patients have vasculogeuic «reotile dysfnnc- 



VEGF treatment tot veoogwiic siecBle (ij(sfuntfiim 
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tion (ED) in addition to neurogenic ED and at least 
Tf of these men have venous leakage^ Regardless 
of tho etiology of organic ED Cneurogenic. traumatxc. 
hoxmonal, md vascular, etc), v,eiious leakage is a 
common final condition resulting from smooth 
xauscle atrophy* Furthermore veno^cl^ve^^^ 
ftmction is the most common etiology of EDamong 
nonrespondeTB to medical management of ED. 

We propose that vascular endothelial growth 
factor 0/EGF) may hold pnmiise as « t»^«aP«y^^ 
agent for veno-occlusive dysfunction because of its, 
Sown angiogenic effects and possible tole as an 
androgen mediator. Following castration, rats do Aot 
^splay copulatory behavior ox i^'^H^^ 
Thev have depressed expression of nitric oxide 
sSase in the penis.' undergo vascular involution 
ventral prostate* and demonstrate decreased 
Spression of VEGF in the prost^.« 1^* 
thL animals display jenogenic ED as as^s^^^^^ 
ICP monitoring and blood flow studies ' With 
testosterone r«)letion. VEGF syndesis ^ mduc^ 
and followed €y vascular regrowth m the venl^ 

prostate of castrated tats."'*' ^'^^^^"'liStM^the 
Siay be the mediator of androgenic effects in Jie 
prostate. For this reason, we hypothesized that 
VEGF may also mediate androgenic effects m me 
penis and that VEGF administration may prevent ED 
after castration in mts. ^*„W4oV, 
The obiectives of this study were U) to estabUsh 
normal vilues for pharmacologic f^vernc«ometey in 
'V the rat and validate a rat model of venogenic ED 
(Experiment 1: Model validation}. (2) to prevent 
venogenic ED (Experiment 2: Pf«^"t^°"5f 
(3) to reverse venogenic ED CExperiment 3: -nreat- 
ment trial). Since the cavemosal sinusoids are lined 
wilh numerous endothelial cells the target cell type 
of VEGF. the penis is an ideal organ for VEGB 
therapy. Our previous study also revealed that 
penile smooth muscle cells possessed VEGt PBcep- 
tors and VEGF treatment enhanced penile jinooto 
cell proliferation and migration in culttire. Addi- 
tionally; VEGF has also t'een^™P?rt?sd^6*e,„^e 
neuroprotective as well as neurotrophic. Since 
impairment of erectile nerves, endothelial cells, ffiod 
the cavernous smooth musculature is the tmal 
common pathway of various tyv.^ °V tf.^ WCF 
we conducted this study to examine whether VEGt 
can restore the integrity of the above-mentioiied 
tissues and thus prevent or cure ED. 



and water available ad libitum on a 12 h light/dark 
cvcIg. AU animal care, treatments, and proredures 
were approved by the Committee on Animal 
Research at our institution. Rats were randomly 
divided for the animal model of vasculogenic ED 
(Spcrimeiit 1) and the VEGF prevention trial 
Sriment 2). For the VEGF treatment tn|d 
(Experiment 3). tho animals undeiwont oastiatton 
Sthen were treated with VECT a^r venou. leak 
was demonstrated, to evaluate the efficacy ot jJEGt 
treatment in reversing established venogenic ED. 

fixperiment l: To determine normal v^dues fo 
rodent pharmacologic cavernosometn' and ^ahdato 
the moAel of venogenic ED in the rat, va.sculogenix. 
ED was induced. Arterial insufficiency v>.«« P^" 
duced after performing a bilateral ligation ol the 
internal iliac arteries. The acute and chronic effects 
of arterial insufficiency were evaluated 7 days and 
30 days after bilateral iliac arterj' iigaUon. Vcn-jgenic 
ED was induced by castration, and pharmacologic 
cavemosometry wa^ performed 6 w«eks aft"' sur- 
gerv. Control animals underwent a sham lapaiotomy 

and studied 6 weeks later. , , >n-r«v tr, 

Experiment 2: For tiie prevention trial of VliGl- m 
rats^th venogenic erectile ED. f^t males w^ 
castrated and immediately treated 7^1^°;™°^^' 
intracavernosal VEGF. Hormone replacemmt was 
accomplished using a subcutaneously plaoBd tes- 
tostcmne-fiUed silastic implant, as P^^iojisly^ 
scribed.^'' A therapeutic testosterone sorumUior was 
confirmed in this animal group by teatosteroiio 
SSimoassay" performed by the Wedi^ 
core lab at our institution. Intracavemous tntatment 
with VEGF was administered using either rtjcombi- 
nant VEGF protein or an adeno-associated 
vector expr^sing the VEGF gene {AAV-VEGH- 
Control aiSmals received a silastic implant contain- 
ing saline, an intracavemous injection of nonnal 
saline, or an adenovirus transfection vector expres- 
sing lacZ reporter gene without the VEGt gene 

^"^n^Snl 3: The trial of YEG^\'^"'^''"'^ 
perforaied in castrated animals that were shown, 
6-8 weeks following castration, to develop veno- 
eenic erectile ED by pharmacologic cavemo.sometry. 
Sse animals wire treated witli intracavemous 
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VEGF protein and then after 1 month cavemosome- 
try repeated to measure the effect of VW J- tieat- 
ment. 



Experimental animals and mefliods 



Animal groups 



Male Sprague-Dawley rats aged 3-6 months (wt 
^ 350-450grwere used in this study. They were 
^ hoW in our animal care facility with rat chow 



Animaf treatments 

Surgical preparation: Prior to all surgical proce_ 
durfs, aiSmlls received anesthesia can»istmg of 
isoflu^ane inhalation as preanesthetic tollowed by 
^ intraperitoneal injection of sodium pentobarbital! 
S)mg/4]- After the animal was asleep electric 
clippers were used to trim the ventral abdominal 
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hair and the skin was prepped wi* ctorhexidme 
svxuh. Antiseptic technique was jnaintemed for ^1 
proced^ires. Following surgery, the f^fnor abdo^ 
inal fascia and skin were approximated with 4-0 sOfe 
suture, analgesic buprenorphine \0-5™|''^8 ^^^^ 
udministered and the animal aUowed to ^wakai 
covered with a heating pad. Eutiianasia w^ ac^r^ 
plished by an intraperitoneal iniection of sodium 
Pentobarbital (200mg/kg). fo"^™'^ „ 
thoracotomy when the animal was f^^^V^y^^^^^ 
Arterial ligation surgery. A 2cm midlme lon^ 
itudinal low abdominal incision was made a 
wheatlander retractor placed so that the plane 
between diie prostate and sigmoid colon could be 
bluntly opened. Under a dissecting microscope with 
X 2 objectives, using sterile ^ottpj^^pped 

swabs, the i iac artery bifoication was ideritifted 
S Ae common iliac exposed to the ^^^^^J^'^f^ 
take-off. The internal iliac artenes we^.j:*®"*™*^ «^ 

those medial branches f .J^VfTff eSS 
the iliac bifurcation and the take-off oi the external 
nlac These we«, doubly Ugated using 7-0 nylon 
sutures. After this was performed on both the right 
and loft side, the incision was closed and the ammai 
recovered as noted above. 

Castmtion: A 2cm midline l°^g^t^*t°f J"^' 
abdominal incision was made and each testicle 
was grasped using forceps and brought into J^e 
incision. Each gubemaculum waa^^'^l'l, "^™f 
electrocautery and then the spennahc cords ligated 
with 4-0 silk suture and divided. After confirming 
hemostasis. the abdomati w^s closed and the rat 

recovered as above. . 

IhtrocM-ponJ in/echoHK A 1.5 cm obhquemcm^^ 

was made in the lower abdominal skin extending 
from the midltae just above the penile bilum to 
below the level of the glans about t cm lateral to the 
midline. The skin was sharply dissected from the 
anterior surface of the penis and then the perns was 
retracted anteriorly usmg a towel clamp placed 
around it atraumatically with the foreskm left mtact. 
Ushig blunt dissection the penile base arid aura 
were^oxposed. The iscbiocavemosus muscles were 
sharply dissected off the anterior surface of the crus 
until the white of the tunica albuginea of the corpora 
cavernosa was identified. The cms was then gently 
cannulated using a 23 gauge butterfly needle, and 
saline flush with a visual erectile response was used 
to confirm that the needle tip was truly mtracaver- 
nosal. The intracavemosal injoctions were then 
administered with either VEGF protein (Calbio- 
chem. mc. La Jolla. CA, USA). AAV-\'EGF or AAV- 
LacZ. VEQF protein was administered at a dosage ot 
4 vig/lnjection in 0.1ml P^^osphate-buffered s^me 
(PBS) with 0.1% bovine serum albumm IBbAj. - 
VEGF and AAV-LacZ constructs have been de^ 
scribed nreviously" and were administered at lO 
JSl pSSUnjection in O.lml PBS. Following 
injection, the needle was left in p ace for 5 mm and 
then removed to allow the medication to diffuse 



throughout the cavernosal space, himiediately therc^ 
after, pinpoint electrocauterj' was applied to the 
needle bote for hemostasis and then the wound wa.s 
closed and tbe animal recovered as above. 

Testosterone replacement. bV^llowmi- castration, 
testosterone- or saline-filled silastic Plan*f,^^«"'. 
placed in the sulxnitaneous hs,sue of the antenoi 
Abdominal wall, as previously described." Implants 
were^repared using sterilo silasUc tubing ODow 
ComiS. Midland. MI #602-265. mx.er diameter 
0.062") that was filled with tostosterone P™Pionate 
powder (Sigma Chemical. St Louis. MO, USA) wi* 
S^aid of wall suction. By radioimmunoassay, 
^rum testosterone titer was found to bo undetect- 
able in the castrated animals and ir the normal 
range for animals given testosterone miplants. 

Pharmacologic cavenosometry m tbs ra^; To P-^ 
form pharmacologic cavernosometxj,-. lioth the right 
and left crura were separately cannuliUed 
gauge butterfly needles as de.scribea above 0 « 
caimula was flushed ^vith sterile hcparmizcd saline 
FlSo U heparin/ml) and attached to a pressure 
detector for continuous intracorpt»ra^^prass^^^ 
(ICP) monitoring as previously des-jribed. in». 
conlialateral ai^ula was att«ch««i to an mft^mn 
nump (HJffvard Pump, Southwck, MA #5a-2Z22), 
filled with sterile dilute heparinized saline (20 U 
heparin/ml). The baseline ICP was retarded (flaccid 
ICP) and then a dose of papavarme ( Lmg m O.lml) 
was administered through the in&iMon carmula 
Overall 5min was allowed for tlie papavai-mo to 
diffuse throughout the corpora and then the mfusion 
cannula was flushed with heparinisajd salme and 
the pressure monitor cannula *° ^^^JS'tas 

ICP after flushing. After another 5 min. the ICP was 
aaain recorded (ICP after papavarme) and tuc, 
Xsion started. An intnslon rate of 0.05 m /mm 
^ started and increased (by OOSml/min 
every 10 s) until the ICP started to nse. Subs^uenJ 
increases in inflow rate were made on^ 
ICP reached a plateau pressure. By s'OH'iy 
adlusting the inflow rate, an ICP of 100 cm H^O 
Sctile pressure) was reached and the infu.sion rate 
required to maintahi this pressure recorded (the 
inaintenance rate). After this pressure w-as steady ior 
208. the infusion was terrmnated and the change in 
ICP over the subsequent 60 s was re<:oTded (the drop 

Tissue preparation: After pharmacologic raverno - 
sometri' was performed, the penis was amputated a. 
the cniral bony attachments and immethotely 
placed in ice-cold saline. The Y-sliaped crura was. 
sharply cut from the penile base and then a 1 mm 
thick slice cut for elecUon microscopy and placed m 
SJmofsky's solution (3% gluteraldehyde 1% para-^ 
formaldehyde, 0.1 M sodium caco<iylate buffer, pH 

A 3 Jm thick section of the distal poiv^le 
was' then cut and placed in 10% normal huffer«ci 
formalin for paraffin sections, and the balance of he 
penile shaft was flash frozen using dry ice in Ot. . 
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-omDound (Sakma Finetek USA. Torrance. CA. 
5.^ for frozen sectioning and immlinohistocbem- 

at 10 urn. adhered to charged ^F^^J 
15min, and then tehydiated vafti 0.05 M PB^^^ 
5min Sections were treated with hydrogen pe^ 
S/methanol to quench, endogenous P^a,a^^ 
activity. After rinsing, sections werewashed tmce 
PBS for 5min. then incubated with 3% horse 
serS and 0 3% TOton X-100 at room temperature 
iTTo^. The serum soluttou was dmmed «id 
then sections were incubated for BOmta w^ 
monoclonal anti-alpha-smooth muscle artm gigma. 

St Louis MO, USA) at a diluUon of 1:4000 in fBS. 

Ifter wasSng. s«:tions were tauun^stamed u^g 

t\i« avidin-biotin-peroxidttse method ^Ule ABU. 

tctor ibs B^linW. CA. U&A). -i^J 

benzidine as the chromogen 

staining with hematoxylin. Iin™?n°*=^f*^f^L'Iw 
perfo Jed in penile tissues from four rats randomly 
diosen from each subgroup. 

Enzyme-imked immunosoibsnt 
samples from both systemic and Pf^ile blood were 
cXted after whofe-blood '^ntiiftigatitm. Solid- 
^ihase cnzvme-linked immunosorbent assay tor 
^JSISrmed using the Quantlkine M mouse 

^GF ImnSmoassay Kit (RSdJ ^V^^^,^"^!^^ 
lift MN USAl as previously described. iirien>. 
^^pS'were dilute^d and ad^ed to microplate strip 
•"3 diat were then treated with the enzyme- 
Sed immunoreactant VEGF conjugate. After 
iSubation for 2 h and washing, the substrate 
solution was added and incubated for aOmm.The 
SJp^lution was added and then the optical 
density in each well determined using a microplate 
reader set to 450nm. The results were plotted on a 
curve generated by the optical density of VEGF 
standards ranging from 0 to SOOpg/mL 

Ttansmission electron microscopy: The peniav.aB 
dissected, thinly sliced (-l^un tWck . placed in 

Kamovsky's fixative (l% P^^^-^^^^^i^^^gf 
gl^aldehyde/0.1 M sodium ca^odylate buffer, pH 
Ta) at room temperature for 30 min, ?«d then stwed 
at 4=C. The fixed tissue was then rmsed in butter, 
postfixed in 2% aqueous OsO*. and sjamed en 6/oc 
with uranyl acetate before being dehydrated m 



ethanol. cleared in propylene ^^^'^j.^^ ^f^'l^^tf 
tn SorlatelZ ITed Pella Co.. R^^dnig. CA. 
Thic\ sections were cut and stained wth toludme 
blue examined under Ught microscope to select, the 
a ea to brSiin sectioned. TWn sections wena cut by 
Leica ultracut E microtome tBannockburn. IL. UhA), 
^ined with uranyl acetate and f>y^°^^ ^^^^^^ 
enhance contrast and exanuned 
Tecnai 10 electron microscope (Eidhoven. Itie 

""'SSll^S^lmalysis: We. used <^o-^Vnt..^^^ 
from Primer of Biostatistics 3rd^ e(ta CG^^^^^^ 
McGraw-Hill. Inc.. New York. 1992) for stausiicai 
^Sis.llie data were first analyzed by one-way 
Ssi^ of variance. If the difference was ^/g^^^^- 
Snt! Student-Neuman-Keuls test was used to pe^- 
fonr^ the pafrwise comparisons. A paired t-to.it wab 
nISi whire values represent findings befote and 
S treatment in the same animals tExperunem 3. 

Table 3). 
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Results 

KTmeiiment 1; Model validation. The first goa!. of this 
S"wS^ to obtain normal values for pbarmacolo- 
Sc' lavlmosometry in a rat model of vasculogenic 
Id.^ shown in Table 1, flaccid ICP wo compar- 
able^ri the range of 30cm H.O. among. different 
Jinp. of rats. Hovvnever. ^^^^ P^P^^^'^^, 
control animals had a steep "".^^Xd 
H2O, while the castrated and ligated ^minab hacl 
lower responses. Only a minimal Increase in I^P 
n<rtecf m the anin^s following either castmtion 
TcSonic internal iliac ligation, characteristic of 
JascSogenic ED. Acute ligation animals had a be te 
responsl to papavarine than the chrome ligation 
™p ifter'^t& infusion was started boxh th« 
font^^l and acuta ligation group uromptly ajieved 
erectile pressure vrith minimal inflow .»«<^»^f.d 
^en th? infusion was stopped. thes«/«"^f f^^^^ 
a minimal pressure drop, evidencnig thejr mtdct 
vjTo-occluslvo mechanism. The castrat.cm and 
cS^^ ligation groups, on the other hand, required 
fSficLtly ^er infusion rate to mauUam 
erect¥e pressure and experien.ced u steep pressure 



Table 



1 ^r^^r-^^^^^ n»v«t.io8omelrte findings in tat model of vswulogemc ED 



Control (ir=5) 
Caatration (n=7) 
Acute ligaUon 
Chronic ligaUon Cn=4) 



Flaccid ICP 
(cm hW) 

35.4(±9.3) 
22.0[±5,2) 
28.?(±7.6) 



ICP oftex papavarine 
(cm H2O) 

104(±59) 
35.0(±5.0) 
73.3t±10) 
aB.3(±l9) 



Mamlej^anceraie 



Vixjp I'jffif in I ruin 
few HzOf" 



0.024(±0,3) 
0.06(±0.12) 





D-<-n ni5 rnnW vs castiaUon: control vs chionic ligation. 

^P^^aos.^^^^^^^ l^ation; cWic ^^^^^^ ^^^^^^ 

F^0.05» between all pair-wise comparisons exc^^t control vs acttie n^o 
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Table 2 (Experiment 
CG+testastetone), VEGF 



. ■ J- ^e. in r^RtrftW animals after prev^tntion Uial of lostoslerone replacomont. 



F/accid rCP 
(cm H2O} 



ICP after papaverine 
(cm H2O) 



Maintenance rale 
(ml/mSn) "'' 



Oivjp raid ill 1 tnin 



C+Folliie (it~5) 
n+tofitoet.erone [n^7} 
C+VEGP (n«5) 
OrVEGF gene {a^ll) 
C+Lac2 (n=5) 



23.4[±3.3) 
27.8(±5.2) 
27,0(18.7) 



29.4(±15) 
87.7(±26) 
85.G(±28) 
61.4(±36} 
36,0(±12.8} 



a.04C±0.09) 
0.04(±0.03) 
0.25(±0.31) 



11.7(±1H) 
S.0(±20} 
27.H(±'iB) 



'p^O.On, C4.saline vs C^teslosteronB. C^VECT; C^l^stosl^^^ OVEGF v.C*L^icZ. 

C+Bolino vs C+testosterone, C+V^P»^d G^Et^ g^^^^ C+VEGF, C+testosterono. and OVECF B^^nn. 

"*P<0,05» C+Baline vs C+lestosleone, C+VEGF vs C+VKG¥ gene, u+J-ac^ 



Table a (Experimmt 3> Cavemo^gmetric findings la VEGF treatment trial 



Flaccid ICP ICP after Papavarine Maintenance rate 
(cm H2O) (cm H^) (ml/mui) 



Before VEGF treatment (6 weeks after castration) 22.4( ± 6 .9) 
1 month follox^dng VEGF treatment Z^-^l X 8-^'' 




33.Q(±12.3) 
83.a(±31)* 



(1.19(± U.I 8^^ 



Drop rale 
Jii t min (cm H2O} 



45.1(±1«) 
17.4(t24)' 



VEGF treatment). 



I 



drop when the infusion was terminated. These 
findings are characteristic of venons leakage m the 
chronic U^tion and castration groups. 

Experiment 2: Prevention trial. Our second goal 
was to perform a prevention trial using intracaveT- 
nosal VEGF either in tlie form of recombinant 
protein or AAV-mediated gene expression. As 
shown hi Table 2, flaccid ICP was again in the range 
of 30 cm H2O in each of the animal groups. After 
papavarine administration, however, both contiol 
OTOups (castration only and castration with Lac^ 
injection) exhibited only weak rises in ICP, required 
a significant infusion rate to sustain an erectile It^ 
of 100cm H2O, and had a steep pressure drop aiter 
the inflow was terminated. In contrast, the three 
treatment groups exhibited nearly normal erectile 
function with high ICP in response to papavarine, a 
very low maintenance rate to sustain ereciile ICP, 
and minimal pressure drop when the infusion was 
stopped. Of note, the VEGF gene-treated animals 
showed a lesser response to papavarine and a higher 
drop rate than the animals treated with eWier 
testosterone replacement or intracavernosal VEOrl^ 

protein. , . . ' 

Experiment 3i Treatment trial Our third goal was 
to perform a treatment trial using intracavernosal 
VEGF in animals with venous leak. Animals were 
castrated and, 4-6 weeks later, underwent cavemo- 
sometrx'. As shown in Table 3, before \nEGF treats 
ment. this animal group displayed a weak response 
to papavarine with ICP reaching 33 cm HjO com- 



pared to normal animals that attained nearly 100 cm 
H2O (see Tablr3 1). Also, these castrates required a 
relatively high maintenance rate (0,19 ml/mm) m 
achieve erectile pressure and a sleep drop rate whcni 
the infusion was terminated {45.1cm H2O m 60s), 
evidencing venous leak. After theiic animals re- 
ceived intracorporal VEGF treatment, however, 
nearly normal erectUe function returned vnXi\ a 
prompt rise m intracorporal pressures after papavar- 
ine (to 84 cm H2O), a low maintenance rate (0.08 ml/ 
min) to achieve erectile pressure, and a mimmai 
drop in ICP (17.4 cm H2O in 60s) after the infusion 

was terminated. , 1 • c 

Immunohistochemistry. Quantitative analysis i>t 
the smooth muscle content (by alpha actin stainmg). 
as measured by computerized image analysis, 
produced the following pixel numbers: sham 
f43 518±21677). castrdted (37 214 ±18 814), castra- 
ted + testosterone treated (60518±lii733), castratio^ 
n + AAV-VEGF treated (51690 + 7109), castrated + 
VEGF protein treated (52 990+9 512). No signiti- 
cance b6tv.'een the groups was noted by one-way 
analysis of variance. 



Transmission electron microscopy 

Dorsal nerve. In sham-operated ratsj (Fi^c la), tiio 
dorsal nerve was filled witli both myelinated and 
nonmyelinated nerve bundles. The? mean diameter 
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1'he dorsal 
are sceu 



„«?;e iB filled with bott. myelinated f-?'^^) f f """"^y^ 

jrionally naar the nerve fibers tcurv-ed arrow)- tW CMlra«*d wtttaatea wim j^^ become IndisUnct and smaller. Ic) 

,e fib J.ppe« sm^ertf^^ ..a, p.«ent. la^a. fib»s with ^a^^ myuUne 



nrrve ^tofl appear smaller thaa those of Uie sham-opsmted rata. W itack myeline 

group. 
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of the individual myeUnated axon (excliidrag mye- 
lin sheath) was 2.54 ±1.04 Mm. The mean thickness 
of the myelin sheath was 0.74±0.21^m. The mean 
diameter of the nonmyelinated axon was 
0.97 ±0.35 um. The nuclei of Schwann cells were 

seen occasionally. , r, . • ^^r. 

In ca.strated rats, with or without LacZ mjection 
(FiRurc lb), the diameter of both the myelinated and 
nonmyehnated axons appeared smaller than those 
of the sham-operated rats. Mean diameters were the 
follo^ving: myelinated axon 1.64±l-0nm; myelin 
sheath 0,49 ± 0.13 jim; nonmyelinated axon 
0.64 + .32^m Comparing the castrated tats to the 
shanToperated rats, the P values were 0.06. 0.004. 
and 0.001, respectively. Many nonmyelinated nerve 
fibers became indistinct and smaller. There was also 
an increase in the number of nucleated Schwann 

Although many small myelinated nerve fibers 
were still present in castrated rats treated witih VEGF 
or AAV-\^GF (Figure Ic), larger fihws with thick 
roveUn sheaths were also noted. Ihe mean dia-^ 
metei-s of the myelinated nerve and myelin sheath 
were 2. 36 ±0.92 and 0.93 ±0.44 j«n. respectively. 
The nonmyelinated nerve fibers were more clearly 
defined but were not as abundant as the sham group. 
The mean diameter of nonmyelinated axons was 
0.96+0.33 tun. Comparing the VEGF-treated group 
to tlie castrated +Lac Z group, the P values of 
myelinated axon, meylin sheath, and nonmyeli- 
nated axon were 0.113. 0.05. and OOOO respectively. 
The nerve fibers and myelin sheath m the testoster- 
one replacement group appeared similar to the sham 
group. 



Intracavemosal tissues 

Intracavemous smooth muscle cells, hi sham-oper- 
ated rats, the smooth muscle cells (myocytes) were 
usuaUv arranged m clusters and were separated by 
fine strands of fibroconnective tissue (Figure 2aJ. 
The cytoplasm of these myocytes contataed abun- 
dant contractUe myofilaments and dense bodies. 
Occasionally, small aggregates of organelles, includ- 
ing mitochondria, rough endoplasmic lehculum. 
and Golgi apparatus, were found adjacent to me 
nucleus. The ceU membrane (sarcolemma) consisted 



tvpically of alternating dense bands and hght banus. 
The Hght bands contain numeiou.s pinocytotM: 
vesicles (caveolae). The intercellular s])aces among 
mvocvtes were usually quite narrow witn many gap 
iunctions connecting individual cells. Nerve term- 
inal varicosities were frequently soen located near 
clusters of smooth muscle cells. In low-power 
micrographs (^6500) of castratod rats with or 
without LacZ, the smooth musdo cells appeared 
scattered in a field of connective tissues (i-igure 2bJ 
The major differences between the castrated anrt 
castrated + testosterone rats were the incrcabo ui 
cytoplasmic mvofilaments and the dtn^r^ase m 
intercellular spaces in the latter group of rats. Iho 
myocytes in testosterone-treatod rs-ts appeared 
packed in clusters rather than scattered. 

Striking diffe::ences were noted whim comparing 
the AAVA^GF and VEGF protein-treated rats to tlie 
castrated + Lac Z rats. The smooth mvusclcs were 
atranaed in clusters with minimal intercellular 
spaced (Figure 2c). Under high power ( x 9400). JJ'^ 
noted the following: an increa.se m myofilamonto 
and dense bodies, a decrease in dense bands and ar, 
increase in die number of caveolae w.tbin the ligtit 
bands of the sarcolemma (Figure 2d, (*)- 

Endothelial cells. In sham-oporated rats 
(Fieure 3a), the cavernous sinusoids were lined i>y 
intSct endothelium, the cytoplasm of which tum- 
tained numerous plnoc>totic vesicle.s (caveolaej, 
mitochondria, rough endoplasmic raticulum, and 
Golsi apparatus. The nuclei of the en dothohal cell:, 
were occasionally seen tmd appealed oval snaped or 
elongated. In castrated rats with or without I^cA. 
the appearance of the capillaries and cavernous 
sinusoidal endothelium was simiW to die sharo- 
opemted group. M AAV-VEGF and VEGt -protem- 
treated rats, the nuclei of the endothelial cells Immg 
:most of the capillaries and .sinusoids wet« plmn^^^ 
and more numerous, indicative of endodiehal 
hypertrophy and hyperplasia (Figure 3b, c). 

Enzyme-linked immunosorbent aseay. lo racammo 
whether the AAV-\nE:GF-treated HnimaLs had m- 
creased VEGF expression iu the perns, Woo»i 
' samples were taken from the penis (penile bleed 

following glans amputation) and f^^'^^^^Yn'^!^) 
inal aorta for animals treated with AAV-VEGf (n - ; J 
or AAV-LacZ (r2 = 5). While the mean VEGF titer m 
the systemic scrum of animals that did not receive 
the VEGF gene (AAV-LacZ group) was 9.5 ± 5.3 pg/ 



. Representative ele.t«.n oalcrographs --^<W<Ji^-- 

muscle cells (myocytos> are aitangsd in «=lu8l«» aod «"f%»[^^K(sa^S^^^ consist, of altercvatin^ denae bands a.u. 
those myocvtos contained abundaat contractile myofilaments. The ?P ' LacZ-treaiod rat C x 0500). The «uoo1h m..acl« 

uX baid^ThB taitercelliUar spaces among mj;ocytes «>^« »?^^«^"„^^„^^=JfS';^^^^^ rattx 6SO0). 

^to^ooylBa) appear scaHerad and separated by larger amount » ,«iccc,photogiaphy o{ rt... 

^ a S& mufdea were arranged ^^dustop 'v.^h imnl^^^ 

S^SJemous erectilo tisaue ofa castrated + ^^y^^^^^^^'^H^^ liH^her power microphotography intracavorno..« 
amounts of connective tissue. The earcokmma is ^-^ed mosUy by t^rk t-^^^Jf^j^ ^ P ^„^y,^, tluin in (d). Tliere is an incr^o 
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Figure 3 ReprosentaUve electro nricrographs of '^^^^Xm^^^^^^ "^^^^'^y 

the opillaiies and cavernojis rinusolds are hned by eadoti«l.um ' ^J- „,„,otholl«l cells (anwa) Uning many of 
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the AAV-VEGF-treated animak demonstrated a 
arked increase in VEGF titer at 23i3 ± 4;5 pg/ial 
04) sSilarly, semm from the ipet^e ^loo^ ^ 
Ihe AAV-LacZ ^oJp had a VEGF titer of 13^6 ±4^7 
pg/ml compared to a mean of 29.7 ±J'?J^^^^ 
the eroup receiving the intracavemosal VEGF geiw 
}p_^03^] These differences are statistically sig- 
Lmc^nt suBoesting an increase of VEGF expression 
li'iS pSttsuf after treatment with X'EGF gene. 

Discussion 



Erectile function is a hemodynamic P«^!!"f 
inflow and pressiire maintenance ra the cavemosal 
lSc^.^As^uch. the perils is « P^«domnanrty 
vascular organ, and vascular InBufficiency is the 
S com°^S. etiology of ED Sin^^^ sm^* 
muscle atrophy and ^oUagen deposition Me 
monly foimd in men with long^^temdhig ED ot 
v^?o^s etiologies, whether honnoflal. ^>J^1°8^^»' 
nrvascular.^*' Such degradation in smooth mascle 
quSy Sxd quality lads to verK.-occinsivc .^s- 

LictioL This represents an ^^J^^r^^ ^-iS 
flpoeneration akin to myocardial changes >(v«n 
coStive Seart failure o/dilated cardiomyopathy 
for which no treatment currently «osts. , 

Advancement in molecular \ao\cp- has 
improved understanding of pathophysiology at me 
Scular level and offers treatment possihibties 
Smed i spociBc pathologic inechanisms. Tre» 
w-ith VEGF in either protein or gene form has 
increased neovascularlty in animal inodels of yascu- 
lopathies such as limb claudication'* and coronary 
artery disease.^' It has also been shovvn to improve 
symptomatic angina and wound healing «^ ^uinans 
with moperablB heart disease and critical hinb 
ischemia, respectively. The Vep^ "^^^^}'-J,^Jf- 
venient tissue tai-gct for gene therapy because of ite 
external location, ubiquity of endo^ehal-bjied 
SS^and low-level blood flow ih the flaccid state 
addition, the penis is KUed wifli billions of 
endothelial and smooth muscle cells, both of which 
^ ridi in VEGF receptors.** In fact, ff^^^^ 
reports have shown beneficial effects of inteacaver- 
nous \'EGF therapy in animals witli arteriogemc 
23-28 The goal of the current study was to evaluate 
the efficacy of VEGF treatment in prevmitmg and 
reversing the development of venogemc ED . 

To this end, we first developed ^.a^^^nj^' 
of venogenic ED by castration, as Mills et at 
have previously shown that castration leads to 
veiioaCTic ED in rats within 6-8 days and testosteiv 
one rVetion had a preventive effect, hi these earlier 
studies ganglionic electrostimulation was used to 
S^ierateVerecdon and the penile response was 
flauged with cavemosometnc momtonng of ICF or 
= Doppler measurement of penile arterial mflow 
O^^roal was to devise a technique for evahiatmg 



venous leak in animals similar to the technique u.sed 
in humans. For this «;as(m, erection was generated 
UBiiS^harmacologic agents (papavarme) instead of 
SiSnic electrostimulation. The physiologic para- 

(maintenance infiow rate -F-^]Zs^.?£ '^^1 
used to diagnose venous leak m humans won, 
^produced hi a rat model. Using this techraquo. 
pC^cocavemosometric findings were dcter- 
S^ed in normal animals and animals with yeno- 
SSTaid ai-teriogenic ED. This method was ;tound 
fo be a sensitive and reproducible tochni.jue to 
Ivalltt penile arterial insufficiency ana venous 

™?mSeU^s'then used to evaluate the eificacy 
of VEGF, administered intjacorp orally as iec«mbi- 
?ant protein or AAV gene vector, to P^«ven ^e 
development of venogenic erectile ED lExpoiimenl 
2 Prevention trial). It has been previously ...hown 
thaVcastration induces an involution of the prostate 
S£d S its vasculature." Furthermoi-e after 
SSStorone replacement, endothelial cell prolifera- 
tion is stimulated and both blood flow and v*iscular 
vZl^ are normalized. After caslxation^xosta^C; 
VEGF synthesis is downregulated, as eyminedb> 
RT-PCR. Western blot, and imrnunohistochemicol 
^IvS " Also, testosterone induces VEGF sjnith- 

Suggesting that VEGF may be a ti««S^^™«^;S?f 
of kndrogenic effects on the V^osta^.^ Bo^^^i 
Exoerunent 2 was to determme if VEGl- couia 
pS^rthe development of venous leak J" t^™^ 
model Both testosterone replacement and VbLrf 
S^atment maintained erectile func-tion when admi- 
iSSd immediately after cai>tration. Ammal 
aroups receiving no testosterone replacement or 
Sorporal AAV-LacZ showed persisterit veno- 
Sc erectile ED after castration. 
Examination of smooth muscle J"^i,Xv 
pholoai' revealed deterioration m hoth the qualrt> 
and quantity of penile smooth muscle after castra- 
tion Electron ikcroscopic examinattmi iilso re- 
vealed alteration of cell membrane and wn^emng 
of intercellular spaces. Smootii muscle content as 
measured by alpha actin staining was nonrndi^d m 
animals receiving either t^tosterone VEGF^ 
evidence of preserved smooth muscle mtegiity witJi 
such preventative treatment. . ^ • 

The final phase was a treatinent trial (Exjienment 
31 in which animals were first docurnentee. to have 
vlioul leak, 6 weeks after castration, and th.m 
treated with intracorporal VEGF protein, .^avomo- 
sometry was repeated and restoration of nesx noi-mal 
erectile function was ibund 1 "-^l* 
txeatment. We believe that this is die hrst expen- 
mental evidence of any medical therapy nnproving 
venogenic erectile ED. The 

which VEGF improves erectile function s mv 
SoS^. Nevertheless, we obserx-ed clear evidence 
of restoration of neural and smooth muscle mtegn^ 
as well as hyperplasia and hypertrophy of 
lial cells after VEGF treatinent. Conceivably, in- 
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creased cavemosal neovaacularity may le^^i ^ 
Snctional or structural changes in tho netve and 
^ooth muscles. Alternatively, the direct effect of 
VEGP on the nerve and smooth muscle may also 
nlav a lole since VEGF has been reported to have a 
5Uct trophic effect on the penUe smooth n^sck 
cells" and spinal neurons in culture. Furtnar 
studies ate under way to study the mechanism ot 
VEGF action in the penis. 

Conclusions 

The technique presented here for Pharmacologic 
cavemosometry is a simple .^^ reproducible med^- 
od to evaluate vasculogenic ED m a rat model 
Normal erectile function and ED because of arterial 
insufficiency or venous leak may be <i^^?«f ^y 
characteristic cavemosometric findmgs. Using this 

technique, the presence of Y^^^-^^^^t^'Xr either 
may be diagnosed in animals 6 weeks after either 
casLtLon or ligation of the internal iliac artenes. 

Animals treated with testosterone replacement at 
the time of castration retain normal erectile hm^Uon. 
while those without testosterone replacement devei- 
ap venous leak. If these animals are treated vntii 
intracavemosal recombinant VEGF protem or AAV- 
VEGF at the time of castration, their erectile function 
is maintained and. venous leak is prevented. Ihe 
mechanism for this is not kno^vn at P™««nt- ^ut v^^ 
find a decrease in penile smooth muscle content m 
the castrated group compared with either the testos- 
terone replaclment group lor group iBceivmg 
inttacavemosal VEGF or AAV-VEGF. Pemle smootii 
muscle morphology is uniformly degenerated after 
castration. Animals treated with the vattacorporal 
AAV-VEGF transfection v&Aot demonstrate signih- 
cantly more VEGF protein in their penile serum 
compared to the systemic serum, and markedly more 
than control animals, indicating an increased expres- 
sion of penile VEGF in these aiiimals. 

When rats with established vonogenic ED we 
treated with one dose of ihitracaveraosal recombi- 
nant VEGF protein, their erectile function returns to 
nearly normal, with reve^al of the veno-occlusive 
defect. Eiectronmicroscopy revealed endothelial cell 
hyperplasia and hypertrophy as well as restoraUon 
ofTmooth muscle Zd neural integrity m die penile 
tissue after \nEGF treatment. Since impairment ot 
erectile nerve, endothelial cell, and the cavernous 
smooth musculature is the final common pathway ot 
various types of organic ED, VEGF therapy may hold 
the key to prevention and cure of many forms ot ED. 
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